tabolism [10, 11] , and respiratory problems such as asthma and obstructive sleep apnea, have also been reported [12, 13] . Moreover, childhood obesity has been suggested to be the sole risk factor for myocardial infarction at a young age [14] and has been linked to negative self-image, decreased self-esteem [15] , and lower health-related quality of life [16, 17] .
In addition to the medical and psychological consequences of obesity among children, several studies have investigated the association of childhood obesity and the intelligence of children [18] or performance at schools [19] [20] [21] [22] [23] . A recent literature review described the findings of studies that examined the association between IQ and childhood obesity, and reported that the association was inconsistent or controversial [18] . Another literature review on the association between childhood obesity and academic achievement concluded that the number of studies is limited and the relationship is unclear [22] . The controversy remains, with a more recent study reporting that overweight children had significantly lower mathematics and reading test scores compared to normal weight children in the third grade, although the differences became insignificant after adjusting for socioeconomic status and maternal education [20] . Another study of Canadian children reported no difference in mathematics performance between children who were always obese and those who were never obese [24] . In fact, being obese during pre-school and then normal weight during primary school was associated with better performance in mathematics. Thus, the association between childhood obesity and students' academic performance remains controversial, despite the increasing prevalence of obesity among school children. This study aimed to explore the asso ciation between obesity and students' academic performance among males in public primary schools in Kuwait.
Subjects and Methods
Kuwait has a sex-segregated public educational system, and of the 214 public primary schools, 107 are male schools distributed in six governorates. The study population consisted of male students at fifth grade because this is the grade at which reliable and valid grades reflecting academic achievement in the classroom setting are first available. For logistic reasons the study was conducted in male public schools only.
A multi-stage cluster random sampling was used to select a representative sample of children at the fifth-grade level in male public schools in all governorates. Power calculation showed that selecting 1,100 students would provide more than 90% power to detect a difference of 5 grades (on 0-100% scale) in each study subject between obese and non-obese, assuming that 20% of the students are obese and the mean (SD) of students' grade in each study subject is 75% (15%). The number of students selected from each governorate was based on the relative size of each governorate judged by the number of male children in the age group 5-9 years. Using the list of male public schools, a random sample of schools was selected using randomly generated numbers. The number of schools in each governorate was selected based on the number of students required in each governorate assuming that the average number of students at fifth grade in each school is approximately 120 students. It was decided to recruit one third of the students in each school, and as a result the total number of schools that were selected was 28 schools. Some selected schools had more students than the average number (120 students), and recruiting one third of students in each school resulted in the selection of 1,213 students of whom 147 were absent on the day the survey was conducted (87.9% response). In each school, the list of students in the fifth grade was used to select a systematic random sample of students. On arrival, a list of all students at fifth grade was sought in each school, and a random number was generated using a calculator as a random start and then every third student was selected.
Weight was measured using a portable digital weight floor scale (Beurer TM ) with weighing capacity from 1 to 150 kg, accuracy 8 100 g. Children were weighed barefoot and wearing light clothes. Height was measured to the nearest 0.5 cm using a portable wall-mounted stadiometer (SECATM) with the child's heels, back, and occiput touching the vertical bar as the horizontal bar was brought down closely touching the vertex. Weight and height measurements were taken in the school clinics that were activated in anticipation of a concurrent swine flu epidemic.
Data on each student's performance were extracted from school records, specifically, student's grades (on a scale from 0 to 100%) in mathematics, science, and Arabic literature, in addition to the total grades. Similarly, data on the date of birth, nationality (Kuwaiti and non-Kuwaiti), parental educational level (illiterate, can write and read, primary, intermediate, high school, and higher education), type of housing (annex, apartment, villa and traditional Arabic house), child's living arrangements (both parents, mother only, stepfather, stepmother, and others), and whether the child has a chronic disease (yes, no) were all extracted from records kept in the schools. These records are completed and submitted by the parents every year.
Data were entered and analyzed using Statistical Package for Social Sciences (SPSS) version 16. Out of 1,066 who were present on the day of the survey, 67 had no grades because they were new to their current schools. Thus, the investigation of the association between obesity and academic performance was based on 999 students, but the prevalence of obesity and overweight was based on 1,066 students. Data on continuous variables were checked for normality, and means (SD) were reported if data were normally distributed or medians and IQR otherwise. Kruskal-Wallis was used to test the difference in students' grades by BMI categories with differences showing values of p ! 0.05 deemed to be statistically significant with no correction for multiple testing of the hypothesis. BMI was calculated by dividing weight in kilograms by height in meters squared, i.e. BMI = weight (kg) & height (m) 2 . BMI-for-age was calculated by means of weight, height, age, and gender as determined by the growth charts provided by the Centre for Disease Control and Preven-tion (2000) using the inbuilt function in STATA (StataCorp). According to this approach, the prevalence of overweight is defined as BMI 6 85th and ! 95th percentiles, while obesity is defined as 6 95th BMI percentile. The term 'overweight' in this study does not include obese children. Age of children was calculated by subtracting the date of birth from the date on which the survey was conducted. For those with no records in the school, which meant that their date of birth was missing, the date of birth was assumed to be the average date of birth of the study group. In order to assess the impact of this assumption on the estimated prevalence of obesity, data were reanalysed assuming that the date of birth for this group was missing. Students' performances in mathematics, science, Arabic literature, and total performance were dichotomized using the medians, which were approximately 86%. With this binary variable, unconditional logistic regression was used to investigate the association between students' academic performance as an outcome and obesity or overweight as the main exposure after adjusting for parental educational level and other confounders.
Confidentiality of the study subjects was ensured by anonymous data collections with no personal data such as names or addresses collected. Children at this age cannot provide consent but consent from the Ministry of Education and the School Principals was obtained.
Results
The sociodemographic characteristics of the study group are shown in table 1 . The mean and SD of age was 10.3 8 0.4 years, with the majority of participants being Kuwaitis (781, 85%). Of the 1,066 students, most (727, 90.2%) live with both parents; 93 (10.7%) students had a chronic disease condition as reported in the records completed by their parents.
The median weight was 35.5 kg (IQR 29.5-44.5), while the mean height was 138.6 cm (SD 6.8). The median BMI 9%) , respectively, among non-Kuwaitis (p = 0.8). The prevalence of obesity and overweight remained unchanged after exclusion of those who had chronic disease conditions. There was no significant variation in the prevalence of obesity or overweight by parental education, although parents with level of education equal to secondary school or higher were more likely to have overweight but not obese children. The prevalence of obesity and overweight was significantly higher among students in the schools of the Capital in comparison to other governorates, with approximately more than half of the participating students being obese or overweight in the Capital ( table 2 ) . This remained evident after stratification by nationality, parental education, or type of housing.
The distribution of students' grades in mathematics, science, Arabic literature, and total grades by BMI categories is given in table 3 . There were significant differences in the medians of students' grades between different BMI categories, with overweight students being more likely to have higher grades compared to obese and normal weight students. Some of these differences remained significant after stratification by nationality.
The association between obesity and students' academic performance in mathematics, sciences, Arabic literature, and total performance before and after adjusting for potential confounders (mother's educational level, father's educational level and nationality) is shown in table 4 . Other factors including type of housing, presence of chronic disease condition, and whether the child was living with both parents were not significant confounders. There was no association between BMI categories and students' performance after adjusting for parental 
Discussion
The 17% prevalence of childhood obesity and 22% overweight of this study are consistent with the latest two studies on childhood obesity of 15% in the age group 10-14 years [4] , and 20% in the age group of 5-13 years [2] . Recent reports from developed countries suggest that the prevalence of childhood obesity is no longer increasing [5] [6] [7] , which implies that preventive interventions were fruitful, thereby pointing out that these initiatives should be tested and used to reduce childhood obesity in Kuwait.
In our study, the finding that there was no association between childhood obesity and academic performance in mathematics, science, Arabic literature, or total performance, confirmed the previous study [24] , which did not find an association between childhood obesity and academic performance. However, it is possible that the lack of association in our study was due to the fact that the examinations were not discriminating, since more than half of the students received grades above 86% in all subjects in the schools' curricula.
Although some studies found that childhood obesity is inversely related to students' academic performance [20] , other studies found that obese children perform better in school, claiming that these children may try to counterbalance their negative self-image [23] . In a recent study, being obese in the pre-school years and then normal in primary school years was associated with improved mathematics performance [24] . In our study, overweight children performed marginally better than obese and non-obese children, but this could be explained by the confounding effect of parental educational level. The effect of parental education seems to have had a far stronger impact on academic performance than obesity or overweight. Most of the studies that reported an association between childhood obesity and performance found that adjusting for socioeconomic status made the link between obesity and academic performance insignificant [20, 25] .
The way in which childhood obesity may affect students' academic performance has been open to speculation for a long time. Recently, psychosocial variables, such as weight-based teasing [26] and victimization and harassment from peers [27] have been suggested to mediate the effect of childhood obesity on academic performance. Overweight children may be prone to the low sense of worth that comes from being teased, bullied, or rejected by peers, and this may ultimately affect their academic performance. If this is the case, we anticipate the impact of childhood obesity on students' academic performance to be less obvious in areas where weight-based teasing and victimization is not a widespread problem, as here in Kuwait. It is also possible that obese children may develop sleep disorders which result in poor concentration and lead to poor performance at school [28] . Other studies have suggested that obese children are prejudged as low performers by their teachers [29] and others have suggested that obese children are more likely to miss school days [21] and hence receive lower grades than their non-obese peers.
One of the limitations of this study is that 12% of the students were absent. As obese children are more likely to be absent [21] , this may result in underestimation of childhood obesity and also may conceal the association between childhood obesity and students' academic performance. Our findings also cannot be generalized to children in all age groups, female gender, or students in private schools.
Conclusion
Our findings did not show an association between childhood obesity and students' academic performance among male students in primary schools in Kuwait. The overall benefit from good physical fitness would justify the recommendation for schools to exert efforts to improve physical fitness and achieve ideal body weight, even if the association between childhood obesity and students' academic performance is not present. Nevertheless, further studies are needed to investigate the association between obesity and academic achievement in classroom settings because initiatives to combat childhood obesity have started using students' academic performance as a measure of success.
